Cold surface temperatures, reflecting Scotian Shelf origins and local tidal mixing, serve as a tracer of the Eastern Maine Coastal Current and its offshore extensions, which appear episodically as cold plumes erupting from the eastern Maine shelf. A cold water plume emanating from the Eastern Maine Coastal Current in May 1994 was investigated using advanced very high resolution radiometer (AVHRR) imagery, shipboard surveys of physical and biochemical properties, and satellite-tracked drifters. Evidence is presented that suggests that some of the plume waters were entrained within the cyclonic circulation over Jordan Basin, while the major portion participated in an anticyclonic eddy at the distal end of the plume. Calculations of the nitrate transported offshore by the plume show that this feature can episodically export significant quantities of nutrients from the Eastern Maine Coastal Current to offshore regions that are generally nutrient depleted during spring-summer. A series of AVHRR images is used to document the seasonal along-shelf progression of the coastal plume separation point. We speculate on potential causes and consequences of plume separation from the coastal current and suggest that this feature may be an important factor influencing the patterns and overall biological productivity of the eastern Gulf of Maine.
Introduction
The Gulf of Maine is a midlatitude marginal sea that is bounded by the coastlines of New England, New Brunswick, and Nova Scotia. Along its "open" boundary with the North Atlantic, exchange is limited by the shoal regions of the Scotian Shelf, Browns Bank, Georges Bank, and Nantucket Shoals. At depths exceeding 100 m, the exchange is confined essentially to the channels separating Georges and Browns Banks from the Scotian Shelf; the most significant of these is the Northeast Channel (Figure 1 [Brooks, 1985] and is not easily identified by surface temperature patterns. The scientific consensus is that a portion of the EMCC turns offshore at a variable location east of Penobscot Bay, perhaps contributing to the cyclonic circulation in Jordan Basin, and that a portion continues on, feeding into the WMCC [Brooks, 1985; Brooks and Townsend, 1989] . , using conductivity-temperature-depth (CTD) surveys and measurements of phytoplankton chlorophyll and inorganic nutrients, argued that the cold coastal band found in eastern coastal Maine is primarfly the signature of a tidal mixing plume that forms near Grand Manan Island and subsequently flows southwestward along the coast. They showed that the surface nutrient and surface temperature distributions are well correlated and suggested that this cold, high-nitrate plume is an important agent for transporting nutrients derived from tidal mixing of Jordan Basin water near Grand Manan Island, to the rest of the gulf. By this mechanism a local region of intense tidal mixing could influence downstream productivity, which in the case of the EMCC, potentially includes the entire coastal gulf and the interior of the eastern Gulf of Maine.
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Evidence of the nutrient-rich cold coastal current system dates back to Bigelow [1926] , who noted the persistence of high densities of diatoms in a high chlorophyll region more recently described by Townsend et al. [1987] . Fish and Johnson [1937] described the cold water current in greater detail and plotted drift bottle tracks that are consistent with the notion of a plume separating from the coastal boundary and flowing offshore. Evidence of the biological influence of the offshore plume is reflected also in the work by Huntley and Boyd [1984] , who studied data collected on ferry crossings from Portland, Maine, to Yarmouth, Nova Scotia. They noted that the cold surface signature was correlated with high phytoplankton chlorophyll and high zooplankton biomass and production. Bisagni et al. [1996] as far southwest as the mouth of Penobscot Bay. However, separation of the cold plume from shore was not apparent in the annual mean distribution. This result suggests that although the cold coastal band is a persistent feature of the eastern Gulf of Maine, location of the plume separation from the coast was too variable to be clearly manifest in the annual mean SST picture. The frequency of occurrence of plume separation, plume subsurface structure, and the variability of the separation point remain issues about which little is known.
Recent numerical studies by Brooks [1994] We present here hydrographic and nutrient data from survey transects across several prominent cold plume features, extending from the EMCC into the interior of the eastern Gulf of Maine, that appeared in AVHRR imagery of the Gulf of Maine on May 11, 1994. Principal objectives of the work were to document the subsurface structure of these features, to estimate the associated nitrate flux from the coastal region into the interior of the Gulf of Maine, and to determine to what extent plume waters may be entrained into the cyclonic circulation of the Jordan Basin Gyre. We use satellitetracked drifters to help assess the degree of entrainment by the gyre and present supporting evidence from an additional hydrographic survey and moored current observations in the coastal current upstream of the location of the plume's separation from the shelf. We also investigate the persistence and evolution of the plume and its point of separation from the shelf during 1994 through a series of SST images.
Data and Methods
The primary hydrographic data used in this work were collected aboard the R/V Columbus Iselin during May 12-14, 1994. This brief survey, organized in response to an AVHRR SST image showing welldeveloped temperature structure in the eastern Gulf, was appended to a survey of Georges Bank [Townsend et al., 1994] . A total of 17 hydrographic casts were completed. Stations S1-Sll are along a line running from Boothbay Harbor to the central Jordan Basin, and Sll-S17 form a second line extending from Jordan Basin across Truxton Swell and Georges Basin to the northern edge of Georges Bank (Figure 1) . A Neil Brown MKIII CTD with a SeaTech in situ fiuorometer provided profiles of temperature, salinity, density, and chlorophyll fluorescence. Water samples were collected at five-seven depths at stations S1-Sll using a General Oceanics rosette sampler. The sampling depths, which varied from station to station depending upon density structure and total water column, are noted on ...
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• The salinity values associated with the cold core along this section are significantly higher than those observed at stations S8 and S9 of transect 1. In this experiment, salinities less than 32.4 indicated coastal current waters.
Since the salinity of the cold core on transect 2 exceeded this value, it is clear that this feature is not simply an extension of the cold plume around Jordan Basin but, rather, a mixture that includes waters of higher salinity.
As was observed in transect 1, the cold core water occupies a low in the slope water topography (Figures 6a  and 6b) Sll S12 S13 S14 S15 S16 S17 Although it is not possible based on existing data to rigorously discuss the dynamics of the separation and adjustment of plumes erupting from the EMCC, it may be useful to interpret the kinematic observations from this study within a dynamical context. The plume illustrated in Plate 1 exhibited a strong anticyclonic vorticity on its downcoast side, thus forming an eddy or meander near its distal end. We speculate that this anticyclonic vorticity arises during a Rossby adjustment Estuary. The SST images were produced by NOAA Coastwatch and were obtained via the internet from the University of New Hampshire's REDIMS database.
